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摘  要 
I 















拓展了 AuNRs 在即时检测方面的应用。 
随着 POCT 的发展，人们对于 POCT 的准确性及检测靶标的多样性等要求越
来越高。功能核酸（核酸适体、脱氧核酶等）参与构建的 DNA智能水凝胶，由
于其靶标分子广泛、稳定性好、特异性及灵敏度高等优点，成为了一种良好的
POCT 检测平台。因此，我们利用可卡因响应的 DNA智能水凝胶和 AuNRs 结合
发展了一种新型的即时检测方法（hydrogel-AuNRs）。该检测方法的关键之处在
于以包埋 GA的可卡因响应的 DNA智能水凝胶作为信号识别单元，AuNRs 作为
信号输出单元。当可卡因存在时，水凝胶会瓦解，由原来的凝胶态逐渐变成了溶
















摘  要 
II 
经过简单的乙腈沉淀处理，可利用 hydrogel-AuNRs 方法检测出尿液中的可卡因。
利用 AuNRs 胶体溶液的紫外可见吸收，建立了 AuNRs 纵向 LSPR 吸收峰偏移值
（peak shift）与可卡因浓度的定量关系。 
 此外，我们以铅离子响应的 DNA 智能水凝胶作为信号识别单元，在水凝胶
中包埋 GA 作为信号放大及转导分子，结合 AuNRs 的显色反应实现了 Pb2+的多
色可视化检测，也进一步验证了 hydrogel-AuNRs 方法的通用性。海水只需简单
的过膜处理，即可利用 hydrogel-AuNRs方法实现海水中 20 nM Pb2+的裸眼检测。



















 Point-of-care testing (POCT) is a new detection method, which can quickly get 
results on site. Because of intuitive results and no need of expensive equipment, naked-
eye detection has become one of the most potential signal output methods for POCT. 
Due to local surface plasmon resonance (LSPR), gold nanorods (AuNRs) exhibit 
orange, gray, green, blue, purple, and other color. Since human eyes are more sensitive 
to color variations with different spectrum than optical density (such as TMB), the 
optical properties of AuNRs have a great advantage in naked-eye detection. Therefore, 
we developed a portable platform for naked-eye detection based on AuNRs. The key to 
gold nanorods as chromogenic substrates is the ability to detect different concentrations 
of targets. We investigated the response of gold nanorods to different concentrations of 
H2O2, indicating the feasibility of AuNRs for naked-eye detection. Next, a glucose 
signal can be transformed into an AuNRs signal by means of glucose oxidase (GOx). 
In order to extend the application of gold nanorods in POCT, signal transduction was 
also achieved by cascaded enzymatic reactions between glucoamylase (GA) and 
glucose oxidase. Moreover, we also investigated the response of gold nanorods to GA, 
which extended the application of AuNRs in POCT. 
 With the development of POCT, more attention have been paid to the accuracy of 
POCT and the diversity of targets. Functional DNA-cross-linked DNA hydrogels have 
become a great platform in POCT due to the advantages of wide targets, high stability, 
specificity and sensitivity. Therefore, a new POCT method (hydrogel-AuNRs) was 
developed based on DNA hydrogel encapsulating GA as a target-identified unit and 
AuNRs as a multicolor substrate. After addition of cocaine, the DNA hydrogel was 
collapsed, leading to release of GA trapped in the hydrogel. Cocaine signal can be 
transformed into H2O2 signal by means of cascaded enzymatic reactions between GA 
and GOx. The produced H2O2 can etch AuNRs along horizontal direction, leading to 















allowing sensitive, selective and visual detection of cocaine. After simple precipitation 
by acetonitrile, cocaine in urine could be detected. Meanwhile, the concentration of 
cocaine can be quantitated by peak shift of AuNRs with UV-Vis spectrophotometer. 
In addition, Pb2+ can be detected based on Pb2+-responsive hydrogel as a target-
identified unit and AuNRs as a multicolor substrate, which verified the versatility of 
hydrogel-AuNRs method. After simple filtration, 20 nM Pb2+ in seawater was detected 
by naked eye. Compared with standard method of ICP-MS, the hydrogel-AuNRs 
method showed high accuracy for Pb2+ assay. These results display that hydrogel-
AuNRs method is a new and universal platform for POCT. 
 
































































图 1.1 （a）侧流免疫试纸条的基本构造；（b）试纸条检测的一般原理[8] 
Figure 1.1 (a) The structure of the lateral flow immunoassay test strip. (b) Typical 
principle of immunoassay test strip[8] 
 
1988 年 Unipath 公司发展了一种侧流免疫试纸条[9]（即验孕试纸），通过检测
尿液中的人绒毛膜促性腺激素（HCG）来判断是否怀孕。这类试纸条的基本构造
如图 1.1 所示[8]，含有四个关键区域，即样品区（Sample pad）、偶联区（Conjugate 
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